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FOREWORD

The National Institute on Drug Abuse (NIDA) is pleased to publish

i ioi 6, the proceedings of the 17th annual
scientific meeting of the International Narcotic Research Conference
(INRC). This meeting was held in San Francisco in July 1986.

The INRC is a unique international organization seeking to develop a
fundamental understanding of the basic mechanisms of action of
opioids, opioid peptides, and their receptors, research supported in
large part by NIDA. This group and its meetings are different from
others in the field because a definite effort is made to have young
as well as senior investigators attend and present data and results
of current, ongoing studies. For instance, in recent years, 75 per
cent of the travel funds provided by the Division of Preclinical
Research of NIDA for attendance at the meeting have been allocated
to young investigators involved in laboratory research on opioids or
related subjects. As is true for many other fields, excellence
attracts more participants every year and this publication is the
largest of any INRC Proceedings, with 155 papers and 113 abstracts
included. The trio of editors worked swiftly and vigorously to
review and assemble this compendium for publication by NIDA.

We are sure that this significant "state-of-the-art" volume of the
latest research on the basic mechanisms of drug abuse will be of
great value to members of the scientific community and other readers
interested in the prevention and treatment of substance abuse.

Monique C. Braude, Ph.D.
Division of Preclinical Research
National Institute on Drug Abuse






PREFACE

From our "bay view" in South San Francisco, we witnessed the recent
developments in opioid research and reflected on the many notable scientific
revelations from prior meetings of the INRC. Historically, the thrust of
opioid research has progressed from classic in vivo and in vitro pharmacology
toward a molecular description of events at a cellular and sub-cellular Tevel.
The 1966 Meeting of the INRC has provided us with an opportunity to view the
cutting edge of research defining opioid Tigands, receptors, and their
functional consequences.

In many ways, the opiates have been at the forefront of scientific
advances which were subsequently applied to other areas of biochemical,
pharmacological, physiological and behavioral research. For example, the
early definition of opiate receptors in 1973 has resulted in experimental
strategies which have been directly applied to many other endogenous
receptor systems. Clearly, the initial description of endogenous peptide
ligands for opioid receptors in 1975 provided the major impetus for research in
the neurobiology of many other opioid and non-opioid peptides. Likewise, the
current emphasis on molecular biology as a means by which to define the
biosynthesis and metabolism of endogenous opioids has obvious pertinence to
other biologically active peptides. The complex biochemical procedures that
have been developed to isolate and purify opiate receptors are already being
applied to other receptor systems. Finally, the experimental strategies used
to define the functional effects of endogenous opioids have resulted in a
further understanding of the interactions between opioid and non-opioid
systems.

Once again, this year’s International Narcotics Research Conference
provided a stimulating environment for the exchange of the most recent
advances in opioid research. The program not only reflected many
outstanding voluntary papers, but also included four invitational symposia and
plenary lectures by international Tluminaries in pharmacology and the
neurosciences. It was the intent of the program committee, under the
leadership of Drs. Horace Loh and Nancy Lee, to utilize the plenary lectures
as a means by which to acquaint opioid researchers with recent advances in
related non-opioid fields. The first plenary Tlecturer, Dr. Daniel Koshland,
discussed bacterial chemotaxis as a model sensory system. Dr. Julius Axelrod
presented an update on the transduction of receptor mediated signals and the
release of adrenocorticotropin. CTP binding proteins in signal transduction
was the topic of the Tecture by Dr. John Northrup, and Dr. 5. Numa provided
the final plenary Tecture on a molecular approach to the function of ionic
channels. These outstanding presentations provided a refreshing break from
the tachyphylactic effects of continued "opioid exposure", and also fostered
new ideas and perspectives with pertinence to opioid research.

Unfortunately, despite the tireless efforts of many of our participants,
the structures of isolated, purified opiate receptors were not available for
presentation at this conference. Additionally, the fundamental problems of
tolerance and physical dependence were only minimally addressed. Hopefully,
future meetings of the INRC will provide a forum to reveal these advances as
prior meetings have served to define the many advances described above.
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Immediately following the INRC Meetings, the editorial board met for
two days to review the papers and organize the monograph. In organizing this
volume, it was our intention to provide a flowing framework, with related
areas presented in logical groupings. We have attempted to arrange the
papers 1into chapters which progress sequentially from biochemical studies of
receptors and ligands through morphological descriptions of their localization
to the final chapters defining the functional effects of opioid systems.
Following the manuscripts, we have included the abstracts that were not
submitted as papers.

As editors of this volume and participants in this year’s meetings, we
feel that the outstanding efforts of Dr. Horace Loh, Dr. Nancy Lee, Barbara
Halperin and their colleagues in San Francisco, and Jean Paige in Washington,
D.C., ensured both an outstanding scientific and social agenda for the
meetings and the timely review and assemblage into this monograph of the
many manuscripts based on those meetings. Their work was complemented by
the tireless efforts of Dr. Eddie Way in his capacity as secretary to the
IN RC. This meeting was generously supported by the National Institute on
Drug Abuse, the U.S. Army Medical Research and Development Command,
and several sponsors and contributors as listed in the program. Finally, Dr.
Monique Braude, of the National Institute on Drug Abuse, provided guidance in

our preparation of Progress in Opioid Research for publication in the NIDA

Research Monograph series.
JOHN  W. HOLADAY

PING-YEE  LAW
ALBERT HERZ
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PURIFICATION OF KAPPA-OPIOID RECEPTOR SUBTYPE TO
APPARENT HOMOGENEITY FROM FROG BRAIN
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ABSTRACT

Kappa-opioid receptor subtype was purified from digitonin
solubilized ©preparation of frog brain membranes by
hydrophobic and Sepharose 6B chromatography. 4800-fold
purification over the membrane-bound receptors was achieved.
The kappa receptor activity resides in a homo-oligomer of a
single polypeptide of M, 65,000.

INTRODUCTION

The opioid receptor system displays heterogeneity and
consists of at least four major subtypes; i.e. mu, delta,
kappa and sigma (Zukin & Zukin 1934). Recently, several

laboratories have reported a partial purification of active
opioid mu and delta Dbinding sites (Cho et al. 1983,
Gioannini et al. 1934 & 1985, Maneckjee et al. 1985, Fujioka
Fujioka et al. 1935, Simonds et al. 1985, Demoliou-Mason &
Barnard 1986). We have described earlier a succesful
solubilization of opioid receptors from frog brain by the
use of digitonin (Simon et al. 1984). This preparation was
found to be a rich source of the kappa-subtype (72%). 1In
solution this subclass was completely separated from the mu-
and delta-sites by gel filtration on Sepharose-6B column
(Simon et al. 1985) and it was purified on an affinity
column (Simon et al. 1986). In the present work we purified
the receptor by the use of hydrophobic chromatography.

MATERIALS AND METHODS

H-Ethylketocyclazocine (H-EKC: 0.74 TBg/mmol, 19.9
Ci/nmol) was purchased fron New England Nuclear. 3H—Dansyl
chloride (0.53 TBg/mmol, 14.2 Ci/mmol) was from Amersham.



Digitonin, bacitracin, phenylmethylsulfonyl fluoride
(PMSF) , dansyl chloride and polyethyleneimine (PEI) were
obtained from Sigma Chemicals Co. Sepharose-6B beads, HMW
calibration kit for gel filtration and LMW kit for gel
electrophoresis were purchased Dby Pharmacia Fine
Chemicals. All other chemicals were of analytical grade.

Particulate membrane fraction of frog (Rana esculenta)
brain was prepared in Tris buffer and solubilized with 1%
digitonin as described earlier (Simon et al. 1984) .
Specific binding was measured with *H-EKC in the presence
of blocking agents for mu and delta sites (Simon et al.

1934) . Protein concentration was determined as described
by Bradford (1976), or with 3H—Dansyl chloride method
(Schultz & Wassarman 1977). SDS polyacrylamide gel

electrophoresis was carried out by the method of Laemmli
(1970) with slight modifications.

RESULTS AND DISCUSSION

Frog (Rana Esculenta) brain membranes were solubilized in
1% (ligitonin (Simon et al. 1984) and applied on Phenyl-
Sepharose CL-B column with high salt concentration (0.5 M

(NH,) ,S04) , after the removal the excess of the detergent.
Proteins were eluted with decreasing salt concentration. *H-
KC binding of the fractions was measured. The highest

activity was found at low salt (0.06M-H,0) concentration
(fig. 1) indicating a hydrophobic character.
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FIGURE 1. Phenyl-Sepharose CL-4B chromatography
Solubilized opioid receptors were applied on Phenyl-
Sepharose CL-4B column (32x0.8 cm) in 0.5M

(NH;) ,S0,. Elution was carried out by decreasing salt
concentration.EKC binding was measured.



The preparation exhibited high affinity for kappa-ligands as
it is shown in table 1.

TABLE 1.

Relative potencies of opioid ligands
in displacing *H-EKC binding

Unlabelled ligands ICs, (nM)
Ethylketocyclazocine 30
Dynorphin (1-13) 10
U-50, 488 H 11

The pooled and concentrated fractions were applied on
Sepharose 6B column, where a complete separation of the

kappa subtype can be obtained (Simon et al. 1985). Fractions
with high *H-EKC specific binding were collected and their
protein contents were measured. Because of the very low
mount, the ultrasensitive (5-10 ng per assay) 3H—Dansyl

chloride method was used
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FIGURE 2. SDS polyacrylanide gelelectrophoresis
Lane 1.: molecular weight markers, lane 2.: digitonin
extract, lane 3.: purified kappa fraction.



About 3360 pmol of *H-EKC per mg protein specific activity
was obtained compared to 0.7 pmol/mg in the original
membrane fraction. Approximately 4800-fold enrichment Of
kappa-subtype over the menbrane-bound receptors was
achieved. The kappa receptor activity resides in a homo-
oligomer of a single polypeptide of M, 65,000, as it 1is
shown on fig. 2.

Results from other laboratories and our recent data suggest
a general pattern of opioid receptors in which each subtype
is due to a single, specific type of subunit.
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ABSTRACT

The brain of the frog R. ridibunda contains a major opioid binding
site which in vitro pharmacological profile is different from those of
mammalian p, &- and « -opioid sites. In digitonin extracts, this major
opioid site exists as two molecular forms -10S and 12S- which are
clearly resolved by sedimentation in sucrose gradients and which are
thought to represent the opioid receptor alone (10S) or associated
(12S) with a guanine nucleotide regulatory protein. Purification of
the digitonin extracts by affinity chromatography on immobilized
dynorphin, results 1in a single major protein component of apparent
M.~ 64,000.

INTRODUCTION

Amphibian brain membranes display high levels of opioid binding (Ruegg
et al. 1981, Puget et al. 1983, Simon et al. 1984). In addition,
amphibian brain opioid receptors are readily solubilized under active
form in reasonably high yields with digitonin alone (Ruegg et al.
1981, Simon et al. 1984). Therefore, the amphibian brain designates
itself as a suitable source wherefrom to purify opioid receptors by
affinity chromatography.

In this report, we have characterized the types of opioid sites
present in frog brain membranes and we have analyzed the sedimentation
behavior of the digitonin solubilized opioid receptors. Our results
suggest that in the preparation, there is a major opioid receptor type
different from mammalian p,8 and k types and which appears to exist
independently of as well as in association with a guanine nucleotide
regulatory protein.

MATERIALS AND METHOOS
Preparation and solubilization of the crude membrane fraction (0°C).

Freshly dissected whole brains from R. ridibunda frogs were
homogeneized in 50 mM tris-HC1 pH 7.4 ("buffer") and the homogenate
was centrifuged in a Beckman rotor type 30 for 35 min at 28,000 rpm.
The pellet was washed and resuspended in enough buffer to obtain a
crude membrane fraction containing about 5 mg of protein per ml. The
suspension was made 1 % (w/v) with digitonin (Fluka AG) and gently
stirred for 30 min after which it was centrifuged in a Beckman rotor
type 30 for 30 min at 35,000 rpm. The supernatant (2 mg of protein/ml)
was taken as the soluble extract.

Equilibrium binding studies (25°C).

Equilibrium binding studies were carried out on 50 pl either of the
crude membrane fraction (diluted 1 : 5) or on 30 pl aliquots of the
soluble extract in a final volume of 0.5 ml using 3H—etorphine (30-60
Ci/mmol, Amersham) or 3H—diprenorphine (25-50 Ci/mmol, Amersham). All
assays were in triplicate and incubation was for 1 hr at 25°C.
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Nonspecific binding was determined in the presence of 10 puM diprenor-
phine. Free and bound radioligand were separated by rapid filtration
on glass fiber disks (Whatman GF/B) which, in the case of the soluble
extract, had been presoaked in PEI according to Bruns et al. (1983).

Sedimentation in sucrose gradients

0.4 ml aliquots of digitonin extract were layered on top of 10.6 ml
linear 5 to 20 % (w:v) sucrose gradients in 50 mM tris-HC1 pH 7.4
containing 0.01 % (w:v) digitonin. Centrifugation was at 40.000 rpm
for 16 hrs in a Beckman rotor type SW 41 Ti after which fractions of
0.16 ml were collected. Each fraction was assayed for 3H—etorphine
(2 nM) or SH-diprenorphine (2 nM) in a final volume of about 0.2 ml by
the rapid filtration method as modified by Bruns et al. (1983).

RESULTS AND DISCUSSION

The frog brain contains a major opioid receptor type that is neither
g, nor 8 or k.

Equilibrium saturation binding of the agonist 3H—etorphine (°H-ETO)
and of the antagonist 3H—diprenorphine (*H-DIP) in frog brain
membranes was clearly biphasic (figure 1). Sodium ions (120 mM NaCl)
selectively reduced binding of SH-ETO at the high affinity site but
not at the Tow affinity site suggesting the opioid nature of the
former but not of the latter.

Examination of the potency of various unlabelled opioid ligands to
compete with binding of 0.1 nM SH-ETO at the high affinity site
revealed that the Tatter actually consisted of a mixture of several
types including a major one (70 %) "pharmacological profile" in vitro
was clearly different from those of mammalian p-, & and «x-opioid
sites. In particular, the major opioid site of the frog brain
displayed moderate affinity toward DAGO (Ki = 60 nM) and DTLET (Ki =
120 nM) and low affinity toward U-50488 (Ki = 1,200 nM), i.e. toward
selective ligands that normally bind py, 8§ and k sites respectively
with nanomolar affinities.

Frog brain opioid receptors exist independently of and in association
with a guanine nucleotide regulatory protein.

Because of the limited space allowed to the present report, only data
from assays with SH-DIP in the presence cf 120 mM NaCl will be
presented. Under these conditions, digitonin extracts from frog brain
were found to contain in the range 1.2-1.5 pmol (/mg of protein) of a
homogenous population of sites that bind SH-DIP with high affinity (Kd
= 0.2 nM). Interestingly, the binding characteristics of SH-DIP were
not modified in the Teast had the soluble extract been derived from
NaCl (120 mM) or GppNHp (50 pM) pretreated membranes.

In contrast, the sedimentation profiles of opioid binding activity in
the soluble extract were clearly heterogenous (figure 2). Opioid
binding activity was found to be associated with a minor component at
position 12S and with a major component at position 10S.

In extracts from membranes that had been incubated with 120 mM NaCl or
with 50 pM GppNHp prior to solubilization, no activity was recovered
at position 12S while, under these conditions, higher Tevels of SH-DIP
binding were observed in association with the 10S component.

A simple way to explain these results is that the frog brain opioid
receptor exists independently of (10S) as well as in association with
(12S) a guanine nucleotide regulatory protein (N). The antagonist
W-DIP does not discriminate the two forms in question hence Tinear

6
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Figure : Scatchard transforms of the equilibrium adsorption
isotherms of °H-etorphine (a) and of °H-diprenorphine (@) in the
crude membrane fraction from the brain of R. ridibunda. (a) in 50
mM tris-HC1 pH 7.4. The insert is the Scatchard transform of an
isotopic dilution experiment using 0.1 nM °>H-etorphine. The
preparation contained 0.7-0.8 pmol/mg protein of a high affinity
site (Kd = 0.1 nM) and 3.2-3.3 pmol/mg protein of a low affinity
site (Kd = 10 nM). (b) in 50 mM tris-HC1 pH 7.4 + 120 mM NaCl.
The histogram at the right indicates the proportions of the
various types of binding sites that were labelled in the presence
of 0.1 nM °H-etorphine. Op represents the major opioid site and
LAS the Tow affinity site.

cpm per fraction

Figure 2: Sedimentation profiles of the opioid binding activity
in digitonin extracts from the crude membrane fraction of the
brain of R. ridibunda. Opioid binding activity was assayed for in
each fraction of the gradients with *H-DIP (2 nM) in the presence
of 120 mM NaCl. Solid Tine: the detergent extract was from
untreated membranes. Dashed line: the detergent extract was from
NaCl (120 mM) or from GppNHp (50 pM) preincubated membranes. Note
that under these conditions no binding activity is recovered in
association with the component that is sedimented slightly faster
than catalase (C) used as velocity marker.
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Scatchard transforms from equilibrium binding studies. 12S receptors
appear to be converted into 10S receptors in the presence not only of
sodium ions but also and most significantly of GppNHp, an effector of
N proteins : this conversion manifests itself, 1in sedimentation
studies, by a decreased binding of SH-DIP to the 125 component and by

a concomittant increased binding of SH-DIP to the 10S component.

Purification

Opioid receptors in digitonin extracts from several thousands of frog
brains are now being purified by affinity chromatography on
immobilized dynorphin 1-13 and following essentially the protocol of
Gioannini et al. (1985) for the purification of an active
opioid-binding protein from bovine striatum. Our results are still
very preliminary yet a purified preparation is routinely obtained that
contains a major protein component of apparent M. = 64.000. However,
it has not been wunambiguously shown yet that the purified protein
actually carries the opioid binding site.

CONCLUSION

In addition to the frog brain opioid receptor, the p-opioid receptor
from rabbit cerebellum (Jauzac et al. 1986) and the k--opioid receptor
from guinea-pig cerebellum (Frances et al., unpublished) display the
10S and 12S forms which are thought to represent the receptor alone
(10S) and the receptor associated (12S) with a N protein. It fis
therefore possible that all opioid receptor types share the property
of interacting with a N-protein and it is tempting to speculate that
opioid agonists in general modulate the permeability of the neuronal
membrane (North 1986) through, primarily, the receptor-mediated
activation of a N-protein. In this respect, opioid agonists in general
would act, at the molecular Tlevel, in a way that is not any different
from that of classical neuromodulators, serotonin, acetylcholine or
noradrenaline (Siegelbaum and Tsien 1983).
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THE DIRECT DEMONSTRATION OF BINDING OF MU, DELTA AND KAPPA
AGONISTS TO DIGITONIN-SOLUBILIZED OPIOID RECEPTORS
FROM BOVINE STRIATUM

G. Crema, T.L. Gioannini, J.M. Hiller and E.J. Simon

Depts. of Psychiatry and Pharmacology
New York Univ. Med. Ctr., New York, New York, 10016,
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ABSTRACT

Active opioid binding sites, that retain the ability to
bind tritiated agonlsts have been obtained in good yield
in digitonin /NaCl/Mg”’ extracts of morphine protected
bovine striatal membranes. Ligand protection of binding
sites and the presence of Mg ions were found to be
absolute requirements for agonist binding 1in this
solubilized opioid «receptor preparation. Soluble
preparations contained a ratio of mu: delta:kappa similar
to that in the membranes.

INTRODUCTION

Solubilization, attempted purification and separation of
the wvarious opioid receptor types are 1important steps
toward the elucidation of the molecular basis of receptor
heterogeneity. Earlier studies from this laboratory
demonstrated  successful solubilization of active opioid
binding sites from mammalian brain, using digitonin and
high concentrations of NaCl (Howells et al. 1982) .
Binding was measured using antagonists because under these
conditions 1little or no tritiated agonist binding could be
detected. Recently Itzhak et al. (1984) were able to
obtain opioid agonist binding after fractionation of the
soluble binding sites on a sucrose density gradient.
OplOld agonist binding activity has also been reported to
Mg "/digitonin solubilized receptors from rat brain
membranes (Demoliou-Mason and Barnard 1986) and to CHAPS-
solubilized receptors (Simonds et al. 1980) In addition,
some progress has been made in the identification of the
ligand binding subunits of mu and delta receptors, using
the technique of affinity labeling (Newman and Barnard
1984; Howard et al. 1985, 1986). In the present study, we
describe a modification of our method for extracting from
bovine striatal membranes active opioid binding sites that
retain the ability to bind tritiated agonists as well as
antagonists, with high affinity and in good yield.

MATERIALS AND METHODS

Particulate membrane fractions from fresh bovine striatum
were prepared as previously described by this laboratory.
The membrane preparations were stored at -70° in 0.32 M
sucrose (1:6 w/v) until needed. For solubilization, crude



membrane preparations were thawed, diluted 1:1 with 50 mM
Tris HCl1 containing 1 mM K, EDTA, and 10 mM MgSO, (buffer
A) and incubated with 1 uM morphine sulfate, for 30 min at
room temperature. The mixture was diluted with an equal
volume of buffer A containing 1% digitonin/l M NaCl and
stirred on ice for 30 min followed by centrifugation at
100,000 x g at 4°C. The supernatant was removed and mixed
1:1 with 40% polyethylene glycol 6000 (PEG) in presence of
0.1% IgG. The suspension was then spun at 12,000 x g for
15 min at 4°C. The resulting pellet was rinsed twice with
7.5% PEG and resuspended in buffer A, 0.1 mM leupeptin i
NaCl. Duplicate 1 ml samples were incubated with
tritiated 1ligands +1 uM unlabeled naloxone, for 60 min at
25°C. After incubation, samples were precipitated with 13%
PEG in the presence of 0.15% IgG prior to filtration.
Specific binding was assayed using membranes and
solubilized ©preparations derived from equal amounts of
tissue, at the same concentrations of radioligand and
under identical conditions. Protein was determined by
the me;:hod of Bradford (1972). *H-bremazocine (30 Ci/mmoll
and H[Tyr-D-Ser-Gly-Phe-Leu-Thr] enkephalin (DSTLE, 30
Ci/mmol) were purchased from NEN and 3H—[D—AlaZ—Me—Phe4—
Gly-011 enkephalin (DAGO, 60 Ci/mmol) from Amersham. The

following wunlabeled drugs were used: Naloxone (Endo
Laboratories), morphine sulfate (Merck). Other chemicals
used were: digitonin (US Biochemical Corp.), polyethylene

glycol 6000 (PEG) and bovine gamma-globulin (IgG) from
Sigma, guanosine-5'triphosphate (GTP) from Boehringer.

RESULTS AND DISCUSSION

In an attempt to protect the opioid agonist binding from
the detrimental effect of digitonin and NaCl ©present

during the extraction procedure (Method 1I), bovine
striatal membranes were incubated with morphine and MgSO,
prior to solubilization (Method 1II). As shown in table 1,
no specific binding of selective *H-labeled opioid
peptides occurred under conditions of method I, while, as
expected for H-bremazocine and H-naltrexone the specific
binding recovered represented 30-35%. In contrast,

solubilization of membranes under conditions of method 1II,
produced a good yield of soluble receptor activity for

opioid peptides. This represented an 11-30% yield of
binding activity. Saturation curves of *H-bremazocine
binding yielded linear Scatchard plots for both soluble
preparations with K, = 1.9 nM, Bmax = 349 fmol/mg protein

and K, =1.5 nM, Bmax = 292 fmol/mg protein for methods I
and II respectively (table II). The binding of selective
opioid ligands to soluble binding sites (from method 1II)
was saturable and of high affinity as indicated by the
apparent Ky and Bmax values summarized in table II. This
demonstrates that distinct subtype specificities,
characteristic of membrane-bound receptors, were still
retained in the soluble preparation. In addition, the
ratio of mu:delta:kappa was similar in the soluble
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fraction as in the membranes.

Table I
Yields* of agonist and antagonist binding in soluble
receptors extracted from bovine striatal membranes
using methods I and II

Extract PEG Protein Recovery of specific binding (%)
pptation % Naltr. Bremaz. DAGO DSTLE
(3nM) (3nM) (6nM) (6nM)
Method I - x% 50 30 35 0 0
+ 30 18 21 0 0
Method II + 25 21 19 20 11
*Percent yields were calculated as follows:
(Specific binding to soluble fraction/specific
binding to membrane fraction x 100)

**Binding in extract not precipitated by PEG was
carried out after 1:5 dilution to reduce digitonin
concentration to 0.1%.

Table II
Comparison of affinity constants and maximal binding
values or solubilized Dbovine striatal membranes,
processed by methods I and II

Method I Method II
Ligand K4 (nM) Bmax K4 (nM) Bmax
(fmol/mg (fmol/mg
protein) protein)
’H-Bremazocine 1.9410.2 3494:32 1.5410.13 292%:21

*H-Bremazocine
(+100 mMDAGO N.D.* N.D. 1.5 135
+ 100mM DPDPE)

*H-DAGO N.D. N.D. 2.54(0.2 65+:12
*H-DSTLE N.D. N.D. 6.2 45
*N.D. - not detectable
Values represent mean of at least 3 determinations
+ S.E.

When no S.E. 1is given only 2 determinations were done.

As shown in table III, specific mu opioid binding to the
solubilized receptors was still sensitive to the
inhibitory effect of GTP. In fact at 100 uM GTP it

seemed to be more sensitivg than to membrane-bound
receptors. In the membrane %Vlg was able to reverse the
GTP-induced reduction in "H-DAGO Dbinding. A similar
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reversal of GTP-induced decrease in 3H—dihydromorphine

binding by manganese was reported by Childers and Snyder
(1980) .

Table III
Effect of GTP and Mgz+ on mu type opioid binding to
membranes* and solubilized fraction of
bovine striatum

Specific binding of *H-DAGO (fmol/mg protein)

Conc
NaCl Additions
(mM) None  GTP(100uM) Mg’ (10mM) Mg”'+GTP
0 64 45 60 74
10 50 30 56 85
Membranes 25 33 20 58 75
100 13 7.5 42 47
Soluble 0 0 0 43 0
(Method 1II) 100 0 0 42 0

Results are the average of duplicate experiments.
*Specific binding was determined following incubation
of 1 ml striatal membrane (1 mg/protein/ml) with *H-
DAGO (1 nM) in the absence and presence of 1 uM
unlabeled naloxone for 60 min, 25°C.

**Specific binding was determined following
incubation of 1 ml solubilized stria gl membranes
"Method TII" (0.6 mg/protein/ml) with H-DAGO (6 nM)

in the absence and presence of 1 uM unlabeled
naloxone for 60 min, 25°C.
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IDENTIFICATION OF RAT BRAIN OPIOID (ENKEPHALIN) RECEPTOR BY
PHOTOAFFINITY LABELING

Clement W.T. Yeung

Playfair Neuroscience Unit and Department of Biochemistry, University
of Toronto, Toronto, Ontario M5T 2S8 CANADA

ABSTRACT

A photoreactive, radioactive enkephalin derivative was prepared and
purified by high performance liquid chromatography. Rat brain and
spinal cord plasma membranes were incubated with this radioiodinated
photoprobe and were subsequently photolysed. Autoradiography of the
sodium dodecyl sulfate gel electrophoresis of the solubilized and
reduced mernbranes showed that a protein having an apparent molecular
weight of 46,000 daltons was specifically labeled, suggesting that
this protein may be the opioid (enkephalin) receptor.

INTRODUCTION

Extensive studies have been made on the endogenous opioid peptides
and their interactions (Smith and Loh 1981; Barnard and Demolion-
Mason 1983; Zukin 1984). In order to identify the opioid (enkepha-
lin) receptor in situ, the technique of photoaffinity labeling was
employed. The usse of photogenerated reagents for the labeling of
biological receptor sites has been reviewed (Bayley and Knowles 1977;
Eberle and de Graan 1985). A number of photoreactive enkephalin
derivatives designed to investigate the opioid receptor have been
reoorted (Hazum et al. 1979: Lee et al. 1979; Smolarskv and Koshland
1980; Garbay-Jaurequiberry et al. 1984; Zioudron et al.’ 1983; Fujioka
et al. 1984; Yeung 1985). In this communication, we report the
preparation and purification of a radioiodinated, para-azido-L-
phenylalanyl derivative of enkephalin. This photosensitive and
radioactive enkephalin tracer was wused to identify the opioid
receptor in the plasma membranes from rat neural tissues. A plasma
membrane protein with an apparent molecular weight of 46,000 daltons
was specifically labeled. It is 1likely that this protein is a
protein of the opioid (enkephalin) receptor.

MATERIALS AND METHODS

125

Preparation and Purification of I(D—Alaa p—N3—Phe4—Met5)Enkepha—

Purified (D—Alaz, p—N3—Phe4—Met5)enkgphalin (AP-Enk) (Yeung 1985) was
radioiodinated with carrier free I (Amersham Radiochemicals) and
chloramine-T as described by Hunter and Greenwood (1962). Separation
of the iodinated mixture on a Sep-Pak C;3 reverse phase cartridge was
carried out as described by Yeung (1984). The radioactive photoprobe
was further purified by high performance 1liquid chromatography (HPLC)
on a Lichrosorb RP-8 (5 micron) column (0.4 x 25 cm) using a linear
gradient of 0.05% trifluorocacetic acid in water and acetonitrile, pH
3.0. Fractions collected from the column were analyzed by thin-layer
chromatography (tlc) on a cellulose Chromagram sheet (Eastman type
13255), developed in I-butanol:ethanol:2 N NH,;OH (v/v, 5:1:2),
followed by autoradiography on Kodak AR5-X-OMat film. The extent of
radioiodination of AP-Enk was determined by alkaline hydrolysis,
followed by analyzing the hydrolysate for (°'I) monoiodotyrosine and,
(l I)diiodotyrosine on tlc.
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Binding and Photoaffinity Labeling

Plasma membranes from the rat brain (minus cerebellum), spinal cord
and cerebellum were prepared as the microsomal fractions from 250 g
male Wister rats according to the method of Posner et al. (1974).

These membrane preparations (3-4 mg/ml) were incubated in the dark in
a polypropylene microfuge tube containing 275 pl of 0.05 M Tris-HCI,
pH 7.5, 0.05 mM each of benzamidine hydrochloride and phenylmethyl-
sulfonyl fluoride and approximately 0.5 uCi/ml of the purified radio-
active photoreactive enkephalin at 24°C for 30 minutes. (D—Ala2
Met%Enkephalin (4.3 nmol) was added where appropriate to determine
the non-specific binding. The reaction mixture was photolysed for 30
seconds using a 100-W high pressure mercury lamp, and was analyzed by
sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis on a
gradient slab of 10-15% (Yip et al. 1982). The membrane was reduced
bv boiling for 15 minutes in U.l1l M dithiothreitol and 3% SDS.
solubilized material was run on the gel. After staining, destaining
and drying, the gel was exposed to Kodak AR5-X-OMat film, using an
intensifying screen (Swanstrom and Shank 1978).

RESULTS AND DISCUSSION

The crude radioactive photoreactive enkephalin analogue recovered
from Sep-Pak minicolumn (SP-2) was further ourified bv HPLC. Four
radioactive fractions were eluted from the Lichrosorb column (Figure
la). The purity of the fractions were assessed by tlc. Figure 1lb
shows the relative mobilities of the fractions. The R: values of
HPLC-1 and HPLC-2 were similar to that of radioactive iodine stan-
dard. HPLC-3 and HPLC-4 (R values 0.72 and 0.76 respectively)
showed single major component with a trace amount of free iodine.
Alkaline hydrolysis of HPLC-3 and HPLC-4 followed by tlc showed that
both of these fractions were monoiodinated. Although HPLC-1 was a
major radioactive component, both HPLC-1 and HPLC-2 did not show any
specific binding by rat brain plasma membranes. In contrast, the
specific binding for HPLC-3 and HPLC-4 were estimated to be 90% and
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FIGURE 1. (a) Llution profile of 12°1_AP-Enk recovered from
Sep-Pak minicolumn (SP-2). Radioactive fractions 1-4 were
pooled for further characterization. (b) Autoradiogram of
thin-layer chromatography of pooled fractions.

carrier free Na'?’I standard in water; 0 and F indicate
origin and solvent front respectively.
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72% respectively of the total binding. Since HPLC-3 was found to be
more active in radioreceptor binding assay, while HPLC-4 retained
some binding activity, HPLC-3 was used for the photoaffinity labeling
experiment.

Binding of HPLC-3 to rat brain (minus cerebellum) plasma membrane,
followed by photolysis, led to covalent labeling of membrane protein
as shown by autoradiography (figure 2). A radioactive band was
specifically labeled (lane 1) since the labeling of the band was
abolished in the presence of an excess (2.5 ng) of (D-Ala®, Met’)-
enkephalin (lane 20). Such labeling was most likely the result of net
cross—-linking of 125I(AP—Enk) HPLC-3 to the protein through the
para-azido-L-phenylalanine. The apparent molecular weight of the
radioactive band was estimated to be 46 kDa (range 44 to 48 kDa).
Considering the anomalous behavior of glycoprotein in SDS-gel elec-
trophoresis, the molecular weight of the labeled band may be less
than 46 kDa. The labeling of this membrane protein was totally
dependent on photolysis. since a control not exoosed to liaht showed
no such labeling (lane 3). Prephotolysing the radiocactive tracer for
5 minutes before use resulted in no specific labeling of the 46-kDa
protein (lanes 6-8). Exposure of the membrane to the light source
for 1 minute before use in incubation and subsequent experiments did
not seem to affect the ability of the photoprobe to label the speci-
fic 46-kDa protein. A similar 46 kDa radioactive band was also found
to be covalently cross-linked and identified in the rat spinal cord
plasma membranes. However, no such protein or any other protein band
were specifically labeled when rat cerebellum plasma membrane was
used. These observations strongly suggest that the 46-kDa protein
may be the opioid receptor. It is apparent that a wide range of
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FIGURE 2. Autoradiogram of an SDS gr?gient gel of rat:
brain plasma membranes labeled with I-Ap-Enk HPLC-3,
enatured and reduced. Excess (D—Alaz, MetS)enkephalin was
used in lanes 2, 5 & 7; while lines 3 and 8 served as dark
control. The band (M, 46 kDa) specifically photolabeled is
indicated by an arrow. The molecular weight standards
(Biorad) used were myosin (200,000), f~rgalactosidase
116,250), phosphorylase B (92, 500), bovine serum albumin
(66,200), ovalbumin (45, 000), carbonic anhydrase (31,000),
soybean trypsin inhibitor (21,500) and lysozyme (14,400).

molecular weights for the opioid receptor complex and its subunit has
been obtained from a number of direct and indirect approaches. In
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this study wusing the direct photoaffinity labeling approach, we
estimate the molecular weight of the opioid (enkephalin) receptor
protein to be 46 kDa. This molecular weight estimate is within the
range of the reported values of 25-65 kDa for the subunit.
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PHOTOAFFINITY LABELING OF OPIATE RECEPTORS WITH ‘H-ETORPHINE:
POSSIBLE SPECIES DIFFERENCES IN GLYCOSYLATION

Wayne D. Bowen and Grace Kooper
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ABSTRACT

Opiate receptors from whole rat brain (minus cerebellum) and cow
striatum were labeled irreversibly using the intrinsic photolability
of 3H—etorphine. After incubation with 2 nM 3H—etorphine and
centrifugal washing, membranes were irradiated with 1light of 254 nm.
Non-specific binding was determined by carrying out incubations in
presence and absence of 10 uM levallorphan. Specific binding in
photolabeled membranes was 75-80%, with a photo-incorporation yield
of approximately 50%. Photolabeled membranes were extracted with
CHAPS/Lubrol and unbound 3H—etorphine was removed by dialysis and
passage over Sephadex G-25. Solubilized proteins were then
subjected to chromatography on wheat germ agglutinin, and retained
proteins were eluted with N-acetyl D-glucosamine (NAG). Protein
profiles from rat brain and cow striatum were identical, with 89% of
the total protein flowing through unretained and 11% eluted by NAG.
However, the profile of radioactivity was markedly different in the
two species. With rat, the specific activity (cpm/A,z) was the
same for flow-through and NAG-eluate. With cow, the specific
activity of the NAG-eluate was 17 times greater than the flow-
through. These results indicate that cow striatum and rat whole
brain contain populations of opiate receptors which are glycosylated
differently.

INTRODUCTION

Gioannini et al. (1982) have shown that opiate receptors from
several species are retained by wheat germ agglutinin and can be
eluted with ©N-acetyl D-glucosamine. This indicates that opiate
receptors are glycoproteins. These workers also found that varying

proportions of the total binding activity appeared in flow-through
and NAG-eluate in different species, indicating a ©possible
heterogeneity in receptor glycosylation across species. Howevever,
results are difficult to interpret in this regard since the *u-
ligand could dissociate from receptor and appear in the flow-
through. We have developed a method to irreversibly label receptors
by wutilizing the intrinsic photolability of wvarious 3H—opiates
(Bowen et al. 1985, Kooper et al. 1985, submitted). Using this
method, opiate receptors can be irreversibly labeled with high
specificity and yield. Here we report that rat whole brain and cow
striatal receptors photolabeled with 3H—etorphine exhibit
differences in their ability to Dbe retained on wheat germ
agglutinin. Therefore, opiate receptors may Dbe glycosylated
differently across species or across brain regions.
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METHODS

Lysed P, membrane fraction was prepared from the brains (minus
cerebellum) of male Sprague-Dawley rats (150-200 gm) and freshly'
obtained cow striatum. Membranes (1 mg protein/ml) were incubated
with 2 nM 3H—etorphine in 10 mM TRIS-HCl pH 7.4 at 25°C for 90 min.
Non-specific binding was determined by incubating in presence of 10
uM levallorphan. Labeled membranes were washed twice by repeated
centrifugation and resuspension in ice-cold incubation Dbuffer.
Resuspended membranes were either irradiated on ice for 10 min with
ultraviolet light of 254 nm (Mineralight R52G, Ultra-Violet
Products, San Gabriel, CA.) at a distance of 2 cm or allowed to
stand in room light (DARK-treated) for 10 min. Denaturation was
carried out by heating for 10 min at 90°C. To determine results of
these treatments, 500 ul aliquots were filtered over glass fiber
filters and washed with ice-cold TRIS-HCl1 pH 7.4. Filters were
counted after overnight extraction in scintillation cocktail.

Photolabeled membranes were solubilized by homogenization in 13 mM
CHAPS/1% Lubrol. The homogenate was incubated for 15-30 min at 25°.
The 105,000 x g supernatant was then dialyzed overnight at 4°C
against 10 mM TRIS-HCl1 pH 7.4 or gel filtered on Sephadex G-25
(eluted with buffer containing 10 mM CHAPS) to remove free ’g-
etorphine.

Chromatography on wheat germ Lectin-Sepharose 6MB was carried out as
follows. Extract was applied to the column in 1 ml aliquots and
allowed to incubate in the bed for 15 min at 25°C. The column was
washed with 10 mM TRIS-HCl pH 7.4 containing 10 mM CHAPS and 1 mM

EDTA. Retained proteins were eluted with the same buffer containing
.5 M N-acetyl D-glucosamine. Protein was estimated by absorbance at
280 nm and a 50 ul aliquot of each 1 ml fraction was counted in a
scintillation spectrometer to detect tritium. Specific activities

of labeled proteins in the flow-through and NAG-eluate were
estimated by determining the areas under the cpm and Ays, peaks and
taking their ratios.

RESULTS AND DISCUSSION

Table 1 shows results of photolabeling of rat whole brain and cow
striatal receptors with 3H—etorphine. After incubation with ‘H-
etorphine and washing to remove unbound ligand, membranes were
irradiated at 254 nm or allowed to stand in room 1light.
Irreversible Dbinding was assessed by heat denaturation.
Denaturation after dark treatment caused a loss of 97% and 95% of
specific binding in rat and cow membranes, respectively. However,
irradiation Dbefore denaturation markedly reduced the 1loss of
specific binding, For rat, 60% of specific binding in irradiated
membranes survived denaturation. For cow, 39% remained.
Importantly, the percent specific binding in irradiated/denatured
samples was 75% and 79% for rat and cow, respectively. Thus this
method produced covalent labeling of opiate receptors in rat and
cow. The receptors were labeled in high yield and with high signal-
to-noise ratio.
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TABLE 1. Photolabeling of Rat and Cow Membranes with 3H—Etorphine

RAT COW
BK TOT SB 5 SB | BK TOT SB % SB
Dark 405 2363 1958 83 279 4007 3728 93
Dark/Denat. 376 433 57 13 192 365 173 47
uv 312 1455 1143 79 268 2465 2197 89
UV/Denat. 231 971 686 75 225 1076 851 79
Yield 60% Yield 39%

Membranes photolabeled with 3H—etorphine were solubilized with 13 mM
CHAPS/1% Lubrol and the soluble proteins were subjected to
chromatography on wheat germ Lectin-Sepharose 6MB. The elution
profile is shown in Figure 1. For both rat and cow, approximately
89% of the total protein flowed through the column unretained, while
11% was retained and eluted with NAG. However, the profile of
radioactivity was markedly different for the two preparations.
Table 2 shows an analysis of the specific activity in the flow-
through and NAG eluate from the two preparations, estimated by
determining the areas under the cpm and A, peaks. For rat, the
specific activity of the flow-through and NAG eluate were the same.
However, for cow striatal receptors, the specific activity of the
NAG eluate was 17 times higher than that in the flow-through.
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TABLE 2. Comparison of Specific Activities of Peaks from WGA-

Chromatography
RAT cow
2 2
area (cm”) area (cm")
cpm A,go cpm/Asyg, cpm Azs0 cpm/RAyg,
FLOW-THRU 26.73 47.38 0.56 7.26 14.85 0.49
NAG-ELUATE 3.99 5.95 0.67 14.57 1.75 8.33
SP. ACT. RATIO
NAG-ELUATE : FLOW-THRU 1.2 : 1 17.0 : 1
These results are consistent with th se of Gioannini et al. (1982)

who observed that of total soluble 3H—diprenorphine binding in rat,
23% was recovered in the flow-through and 31% was recovered in NAG-

eluate. For cow striatum, these values were 11% in flow-through and
47% 1in NAG-eluate. In the study described here, we utilized
covalently bound H-etorphine, so that dissociation of ligand is not
a factor. The results reported here have several interpretations.
Opiate receptors 1in different species may be glycosylated
differently. In this case, rat Dbrain would contain a larger

population of receptors which lack affinity for wheat germ
agglutinin. Alternatively, different brain regions may contain

receptors which are glycosylated differently. The cow preparation
is from striatum while the rat preparation is from whole brain
(minus cerebellum). Striatal receptors from the two species would

have to be compared to resolve this issue. Finally, 3H—etorphine
will label mu, delta, and kappa receptors. The differences in the
species and/or regions may reflect a difference in glycosylation
among receptor types. Further purification of receptors will be
needed in order to determine glycosylation state of receptor types.
The method of photolabeling utilized here may facilitate achieving
this goal.

REFERENCES

Bowen, W.D., Kooper, G., Levinson, N
Abstracts: 35, 1985.

., and Copeland, C. INRC

Gioannini, T., Foucaud, B., Hiller, J.M., Hatten, M.E., and Simon,
E.J. Biochem Biophys Res Comm, 105:1128-1134, 1982.
Kooper, G., Levinson, N., Copeland, C., and Bowen, W.D. Fed Proc

Abstr, 44:494, 1985.

ACKNOWLEDGEMENT

This work was supported by NIDA Grant No. DA 03776 (W.D.B.).

20



BINDING TO MU AND DELTA OPIOID SITES BUT NOT KAPPA
SITES IS INHIBITED BY FAB FRAGMENTS FROM A MONOCLONAL
ANTIBODY DIRECTED AGAINST THE OPIOID RECEPTOR
Jean M. Bidlack

Center for Brain Research, University of Rochester,
School of Medicine and Dentistry, Rochester, NY 14642, U.S.A.

ABSTRACT

Fab fragments from a monoclonal antibody, OR-689.2.4, directed against
the opioid receptor selectively inhibited opioid binding to rat and guinea
pig neural membranes. In a titrable manner, the Fab fragments
noncompetitively inhibited the binding of theypy selective peptide
[3H] [D—Alaz,MePhe4,Gly—016] enkephalin (DAGO) and the & selective

peptide,[3H][D—Pen2,D—Pen5] enkephalin (DPDPE), to neural membranes.
The binding of [IZBI—Tyrﬂ] endorphin was also blocked by the Fab
fragments. In contrast, K opioid binding, as measured by the binding of
[3H]bremazocine to rat neural membranes and guinea pig cerebellum in
the presence of p and § blockers was not significantly altered by the Fab
fragments. When p sites were blocked with DAGO, the Fab fragments
suppressed the binding of [3H]DPDPE‘. to the same degree as when the p
binding sites was not blocked. The Fab fragments also inhibited binding
to the p site regardless of whether or not the 8§ site was blocked. This
monoclonal antibody is directed against a 35,000 dalton protein. Since
the antibody is able to inhibit p and & lbinding but not K opioid binding, it
appears that the 35,000 dalton protein is an integral component of p and
6 opioid receptors but not & receptors.

INTRODUCTION

As a tool to probe the molecular basis of the multiple opioid receptors, a
monoclonal antibody, OR-689.2.4, capable of partially inhibiting opioid
binding to rat neural membranes has been produced (Bidlack and Denton
1984). This IgM was able to block and displace opioid ligands from rat
neural membranes. The specificity of this immunoglobulin has been
demonstrated by its inability to inhibit the binding of 5 different
nonopioid ligands to neural membranes and the ineffectiveness of other
mouse immunoglobulins to block the binding opioids to neural membranes
(Bidlack and Denton 1985). The antibody, directed against a 35,000 dalton
protien, immunoprecipitated opioid binding sites from a solubilized
preparation (Bidlack and Denton 1985). Because it is an IgM with a
molecular weight of 980,000, the ability of the antibody to penetrate
tissue is hampered. As a consequence, a procedure was developed for
obtaining Fab fragments, with a molecular weight of 48,000, from this
IgM (Bidlack and Mabie in press). This study describes the selective
inhibition of opioid ligands by OR-689.2.4 Fab fragments.
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MATERIALS AND METHODS
Generating the OR-689.2.4 monoclonal IgM and Fab fragments

The IgM, OR-689.2.4, was produced by immunizing a BALB/c mouse with
a partially purified opioid receptor complex consisting of proteins with
molecular weights of 43,000, 35,000 and 23,000 (Bidlack et al. 1981;
Harwell et al. 1984) . The monoclonal IgM was detected by
radioimmunoassay using the 121 1abeled antigen and by its ability to
inhibit opioid binding to rat neural membranes (Bidlack and Denton 1984).
The Fab fragments from the IgM were generated by digesting the IgM
with trypsin in the presence of 10 mM cysteine and were purified by gel
filtration (Bidlack and Mabie in press)

Opioid binding to rat and guinea pig neural membranes in the presence of
OR-689.2.4 Fab fragments

Neural membranes from male Sprague-Dawley and Hartley guinea pigs
were prepared, excluding cerebellar tissue, as previously described by
Pasternak et al. (1975) . Guinea pig cerebellar membranes were prepared
in a similar manner, In a final volume of 1 ml, 0.25 mg of neural
membranes protein was incubated wth OR-689.2.4 Fab fragments for 60
min at 25 C. Radiolabeled ligand was then added and the incubation
continued for 60 min. Binding of [l%I—Tyrﬂ] Bh—endorphin was measured
in the presence of 0.2% bovine serum albumin and 100 pg/ml bacitracin.
The glass fiber filters were soaked in 0.2% polyethylenimine prior to wuse.
Bound radioactivity was determined by filtering samples through Whatman
GF/B glass fiber filters. All results are reported as specific binding- the
difference between binding in the presence and absence of 10 uM
unlabeled 1ligand. Binding of 0.1 nM [3H]bremazocine to rat neural
membranes and guinea pig cerebellum in the presence of 100 nM DAGO
and either 100 nM DADLE or 1 pM CPDPE was regarded as binding to K
sites.

Measuring the ability of the OR-689.2.4 Fab fragments to inhibit
binding to membranes when binding sites are blocked

To determine if the Fab fragments could inhibit the binding to p sites

when § sites were Dblocked, the following protocol was followed.
Membranes were incubated with 100 nM DPDPE for 30 min to block &
sites. OR-689.2.4 Fab fragments at a concentration of 250 nM were
added. Following a 60 min incubation, 0.5 nM ﬁH]DAGO was added.

After an additional 60 min incubation, the samples were filtered.
RESULTS AND DISCUSSION

As shown in Fig. 1, OR-689.34 Fab fragment$% inhibited binding to the
binding of [MBI]endorphin, [3H]DAGO, and [3H]DPDPE to rat neural
membranes in a titrable manner. The ICg, value for the inhibition of
[IEI]B-endorphin binding was 400 nM, while the IC;;, value for the
inhibition of binding of the p and§ ligands was about 3-fold greater. As
previously shown, the Fab fragments are noncompetitive inhibitors of p
and § binding to rat neural membranes (Bidlack and O’Malley in press).
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FIGURE 1. Inhibition of opioid binding to rat neural membranes
by OR-689.2.4 Fab fragments. Binding was measured as
described in “Materials and Methods.”

Kappa binding to rat neural membranes and guinea pig cerebellum was
determined by the binding of 0.1 nM [SH]bremazocine in the presence of

un and § blockers. In the absence of blockers, 500 nM OR-689.2.4 Fab
fragments inhibited the binding of 0.1 nM [SH]bremazocine to rat neural
membranes by 27% (Bidlack and 0O’Malley in press). However, in the

presence of 100 nM DAGO and 100 nM DADLE, the Fab fragments did
not have a significant effect on the binding of 0.1 nM [3H]bremazocine.
The Fab fragments did not alter the binding of 0.1 nM [BH]bremazocine
to guinea pig cerebellum regardless of whether p and & blockers were
present (Bidlack and O’Malley in press). The antibody inhibited the
binding of [3H]DAGO and [BH]DPDPE to guinea pig neural membranes.

Since the antibody is directed against a 3-dimensional epitope on the
35,000 dalton protein (Bidlack and Denton 1985), it may be possible to
use the antibody to probe conformational changes of the receptor. In an
attempt to address the question of interconversion between 1 and §
binding sites, the ability of the OR-689.2.4 Fab fragments to inhibit the
binding of 0.5 nM [BH]DAGO to neural membranes was determined after
suppression of & sites by 100 nM DPDPE. As detailed in Bidlack and
O'Malley (in press), the Fab fragments inhibited the binding of 0.5 nM
[3H]DAGO to the same degree regardless of whether §: sites were or were

not blocked by DPDPE. The same results were obtained when p sites
were block with DAGO and the ability of the Fab fragments to inhibit
the binding of [’H]DPDPE was measured. Under the experimental

conditions used, there is not an interconversion of p and$ sites that
results in the inability of the antibody to inhibit binding to the other site
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when one site 1is blocked.

The monoclonal antibody is directed against a 35,000 dalton protein
(Bidlack and Denton 1985). Evidence supporting the role of the 35,000
dalton protein as a component of the opioid receptor includes crosslinking
studies using enkephalin-like peptides (Zukin and Kream 1979; Zukin et
al. 1980), human [MBI—TyrZH S'endorphin (Howard et al. 1985; Howard
et al. 1986) and [IEI—Ter,Leuﬁ, B8~endorphin (Helmeste et al. in
press). Affinity labeling studies using [1%1]l4—bromoacetamidomorphine
also resulted in the specific labeling of the 35,000 dalton protein (Bidlack
et al. 1982) . Purification studies using an opioid agonist affinity column
(Bidlack et al. 1981; Maneckijee et al. 1985) and an opioid antagonist
affinity column (Bidlack et al. 1982) have resulted in the specific elution
of a 35,000 dalton protein. The monoclonal antibody directed against the
35,000 dalton protein immunoprecipitated opioid binding sites from a
solubilized preparation of rat neural membranes (Bidlack and Denton
1985). These studies strongly suggest that the 35,000 dalton protein is a
component of the opioid receptor, probably of the p and $ receptors but
not the g receptor.
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MONOCLONAL ANTIIDIOTYPIC ANTIBODIES WHICH RECOGNIZED THE BINDING
SITE OF DELTA RECEPTOR
FINE SPECIFICITY OF THE ANTIIDIOTYPIC ANTIBODIES

Anny Cupo and Pierre Kaldy
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ABSTRACT

Monoclonal antiidiotypic antibodies (Mab2), specific for the binding
unit of the opiate &8 receptor , were generated in rats immunized with
rabbit anti-DADLE antibodies (abl). The fine specificity of the seven
clones screened in the fusion was studied using a solid phase test where
the abl antibodies were coated to the plate. In this respect, 4
different set of monoclonal antibodies can be distinguished. The
antibody affinities were comparable (Kd 1.107° M), but the specificity
patterns were completely different.

INTRODUCTION

A powerful approach to the production of antireceptor antibodies is now
fully exploited for a number of different cell receptors. This approach
employs the concept that antibodies directed against pharmacologically
active ligands have a three dimensional binding site which is somewhat
analogous to the natural receptor. Consequently, when antiidiotypic
antibodies (ab2) are produced against these anti-ligand antibodies
(abl), some of the antiidiotypic antibodies, which mimic the original
ligand, are able to bind to cell surface receptors. Anti-idiotypic
antibodies, which have specificity of a variety of hormone and
neuro-transmetter receptors have been produced following immunization
against specific anti-ligand antibodies (Cleveland et al. 1983, Farid
and Lo 1985, David and Isom 1985). Using the antiidiotypic approach, we
developed monoclonal anti-idiotypic antibodies, specific for the binding
site of the & ‘receptor. These (ab2) antibodies were generated in rats
immunized with rabbit anti-DADLE antibodies. These anti-idiotypic
antibodies bind the cell surface of the NG108-15 cells and precipitated
a surface exposed 53Kd protein on the same cells (Cupo et al. data to be
published). The present study reports a detailed analysis of the
specificity of the seven monoclonal antiidiotypic antibodies screened in
the fusion and allows us to distinguish four different antiidiotypic
antibodies sets according to their structural requirements.

MATERIALS AND METHODS

Purification of monoclonal antibodies from ascitic fluids

3.10° hybridoma cells of each different clone were intraperitoneally
injected in nude mouse: (Swiss strain) in order to produce ascitic
fluids. After collection, 5 ml of each ascitic fluid were precipitated
by 50% ammonium sulfate and purified by DEAE-A52 chromatography
according to the Bazin's procedure for the IgG2a isotype (Bazin et al.
1974) .

25



Anti-idiotypic test

DADLE was cross-linked by carbodiimide with bovine serum albumin (as
irrelevant carrier). Flexible PVC microtiter plates (Limbro plate SMRC
96) were coated with 50 pl of conjugate solution (1 nmole of DADLE) for
4 h at room temperature. The solution was then removed and the wells
were filled for 4 hours with PBS-0.5% BSA to saturate the remaining
binding site of the wells. The plates were washed 3 times with PBS, then
dried and stored at 4°C for weeks until used. A cascade of monoclonal
antibody dilutions and a solution of rabbit anti-DADLE immunserum
(diluted 1/2000 in PBS-0.1% BSA) were preincubated at 37°C for 2 h 30 in
plastic tube. Then 50 pl of this mixture was transfered into
conjugate-coated wells at 4°C for 2 h. The wells were washed 3 times
with PBS, then incubated with 50 pl of iodinated protein A (1.105 cpm)
for 30 min at room temperature then washed again and counted. Polyclonal
rat immunserum (anti-anti-DADLE, diluted 1/100) and irrelevant rat
monoclonal antibodies (anti-AMPc) served as controls.

Affinity and cross-reactivity measurements

The rabbit anti-DADLE antibodies (abl) were purified onto a protein
A-Sepharose column. The total IgG solution (1.10 M) was coated on PVC
plates (50 ul/well) following the same procedure than in the
antiidiotypic  test. The seven monoclonal antiidiotypic antibodies were
125I—iodinated, diluted in PBS-0.1% BSA and stored at 4°C. The

inhibition of binding of iodinated antiidiotypic antibodies Mab2, by ab2
was assessed by simultaneous incubation in abl (anti-DADLE antibodies)
coated wells of 25 ul of iodinated Mab2 (100,000 cpm) and 25 pl of ab2
at concentrations ranging from 10° M to 10 M. The incubation was
performed for 24 h at 4°C, the wells were then washed 3 times in PBS and
counted.

RESULTS AND DISCUSSION

Antiidiotypic activity

The antiidiotypic activity of each purified monoclonal antibody (Mab2)
was characterized by its ability to inhibit the interaction abl-DADLE.
The 11 and 141 clones were able to inhibit 100% of the interaction
abl-DADLE, The plateau was reached with an Mab2 concentration around
1.5 x 107M. For the 5 and 106 clones, the ab2 concentration necessary
to reach a plateau was identical, but these antibodies were able to
inhibit 85-90% of the abl-DADLE interaction. The 51 and 70 clones and 16
clone inhibited only 50% and 30% of the interaction abl-DADLE,
respectively. To obtain this inhibition, the Mab2 concentration was
around 1.5.107° M. We can conclude, that the 11 and 141 antibodies
recognized all the abl population in a same manner or more probably the
same epitope exhibited by all the polyclonal anti-ligand antibodies
while the other clones 5-106, 51-70 and 16 recognized 85-90%, 50% and
30% of the abl population, respectively.

26



The results were shown in Figure 1.
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FIGURE 1. Competition curve for the purified monoclonal antibodies.

Fine specificity of the anti-idiotypic antibodies (Mab2)

The affinity and the specificity of each purified Mab2 was realized by
competition studies using 1-labelled purified Mab2. The table
exhibited the results. The affinity (IC50) was expressed in term of
concentration (M) able to inhibit 50% of the 1257 _MabZ-abl interaction.
The specificity pattern allows us to distinguish 4 different Mab2 sets.
Appeared to be identical 5 and 106 clones, 51 and 70 clones and 11 and
141 clones. Their affinities are similar and close to 1.10™°M but their
specificities are different. The 5, 11 and 16 Mab2 did not recognized
the epitope recognized by the 51 Mab2; moreover the fixation of these
Mab2 on their respective epitope did not interfere with the specific
binding of the 5 Mab2. For sake of clarity, we will named the epitope
recognized by the monoclonal antibody according to the number of the
antibody. The 11 and 51 Mab2 did not recognized the 16 epitope but the 5
Mab2 might Dbe, either, exhibited a weak cross-reaction with the 16
epitope (f around 930) or its fixation on its specific epitope weakly
disturbed the specific binding of the 16 Mab2. We can propose the same
explanation for the specificity study of the 11 Mab2 ; the 16 and 51
Mab2 did not recognize the 11 epitope and the 5 Mab2 cross-reacted
weakly with the 11 epitope directly or not. The specificity pattern of
the 5 cloned showed that 16 and 51 clones did not recognize the 5
epitope but the 11 Mab2 strongly inhibited the 5 specific binding.
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TABLE. FINE SPECIFICITY OF THE ANTI-IDIOTYPIC ANTIBODIES (versus abl)

Iodinated M,ab

5 106 51 70 11 141 16
5 9.107°M  7.107°M nI nI 1.25 1.12 nI
106 7.107°M 7.1.107°M nI nI 2.5 2.5 nT
51 nI nl 1.2.10°% 1.2.10°M nI nI nI
70 nI nI 1.2.10°% 1.2.10°M nI nl nl
11 240 240 nI nI 1.10°M 1.10°°M nI
141 150 75 nI nI 1.10° 9.7.10°M nI
16 930 320 nI nI nI nI 3,107°M

nI= no inhibition was observed using high concentration of Mab2 (C >
lO%M). The number expressed the cross-reactive factor f=IC50 analogue
versus IC50 homologue.

We can imagine either that the 11 and 5 epitopes are structurally
related epitopes or that the binding of the 11 Mab2 induced dramatically
structural change of the 5 epitope, but clearly the two epitopes were
carried by the same abl antibodies.

In conclusion, wusing the antiidiotypic approach, we have obtained 7
monoclonal antibodies (Mab2) which recognized the binding unit of the &
receptor. These 7 Mab2 exhibit similar affinity but the antiidiotypic
activity and the specificity pattern allows us to distinguish four
different monoclonal antibody sets.
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ABSTRACT

Anti-idiotypic antibodies were raised in rabbits immunized against immunoglobulins
purified from anti-metenkephalin antibody. The antibodies competed dose-dependently
with metenkephalin in binding to anti-metenkephalin antibody on a solid phase
metenkephalin enzyme-linked immunosorbant assay ( ELISA ). The titers of the anti-
idiotypic activity appeared characteristically in transient peaks and troughs in alterna-
tion with anti-metenkephalin activities and were retained after purification on various
affinity columns.

INTRODUCTION
Anti-idiotypes (anti-idiotypic antibody) -2 Ab
and antibodies have been proved to be use-
ful tools in the study of receptor structure
and function (Venter et al. 1984). The
mechanism of interaction between a ligand
and its antibody might be quite different
from its binding to a receptor. However,
when an idiotypic antibody, raised from an
anti-ligand antibody, binds to the receptor,
it is always directed at the active binding
site of the receptor. This implies that,
under circumstances when it is difficult to /’I/,
prepare anti-receptor antibodies from the
purified receptor directly, it might be feasi-

P
Aby
Aby

ble to use the anti-idiotypic approach. In
this way one obtains an anti-receptor anti-
body without purifying the receptor (fig. 1).

FIGURE 1. Anti-idiotypic approach of producing
anti-receptor antibodies. L: ligand, R: receptor,
Anti-R: anti-receptor antibody.

While working on opiate receptors, we have been trying to produce polyclonal and mono-
clonal anti-idiotypic antibodies as an immunological reagent and pharmacological tool to
study the structure and function of opiate receptors. We have succeeded in raising anti-
metenkephalin antibody (Ab;) in rabbits and use the purified anti-metenk immunoglobulin
as immunogen to produce polyclonal anti-idiotypic antibody (Ab,) against it.

METHODS
1. Immunization of rabbits:

Rabbits were immunized at multiple spots intradermally over the back with metenkepha-
lin (metenk) conjugated to thyroglobulin at a dosage of 200 pg of free metenk emulsified
in complete Freund’s adjuvant for primary immunization, and 100 pg for monthly boost-
ings thereafter. The animals were bled to death when a reasonable high titer of anti-
metenk antibody was detected in the serum. The antiserum was then purified down to its
IgG (IgG,) with a Protein A-Sepharose 4B column. This purified Ab; was used as immuno-
gen at 2 mg in complete Freund’s adjuvant for primary immunization and 1 mg
thereafter to raise Ab? in rabbits. The best protocol we followed finally was to immunize
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the rabbits once a week within the first month and biweekly thereafter or whenever
necessary.

2. ELISA for the characterization of anti-metenk antibody and Ab, against it:

Multicell polystyrene plate coated with metenk-BSA conjugate 0.1 pg/well was incubated
with the rabbit anti-metenk antibody to be characterized, followed by goat-antirabbit
IgG horseradish peroxidase conjugate and then OPD added with H,0, as its substrate, to
develop a color reaction readable at 492 nm with a spectrometer. For anti-idiotypic anti-
body against anti-metenk antibody, the anti-serum to be characterized was first incu-
bated with a standard Ab,, before they were added to the well and proceed as mentioned
above.

3. Purification of the anti-idiotypic antiserum:

Normal rabbit IgG or metenk was coupled to CNBr-activated Sepharose 4B to form nor-
mal IgG-Spherose 4B and metenk-Sepharose 4B affinity columns. These are used to

separate anti-metenk and non-specific anti-IgG activities included in the anti-metenk
anti-idiotypic antiserum.

RESULTS

1. The specificity and sensitivity of the ELISA (Liu et al. 1985), developed for the charac-
terization of anti-metenk antibody and anti-idiotypic antibody against it:

The readings of O.D. at 492 nm on ELISA were linear with serial dilutions of anti-metenk
antibody or its IgG; it was even more sensitive than radio-immunoassay in monitoring the
titer of anti-metenk antibody (fig. 2). The binding of Ab; or its IgG to the solid phase
metenk was displaceable by free metenk in the solution and is sensitive up to less than 0.5
pg or 1 nmol of free metenk (fig. 3). So it could also be utilized for the characterization
of the anti-idiotypic activities developed against Ab,.
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2. The development of anti-iditiotypic antibody against Ab, in rabbits:

Rabbits immunized against anti-metenk IgG, were bled at different intervals after
immunization and monitored for their titer of anti-idiotypic activities in their serum. As
shown in fig. 4A and 4B, in three out of four rabbits immunized with IgG,, their anti-

idiotypic activities went up and down in peaks and troughs, and did not follow closely the
protocol of immunization.
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FIGURE 4. (A) The inhibitory effect of anti-metenk anti-idiotypic antiserum on the binding of
anti-metenk antiserum and solid phase metenk. (B) The binding of anti-metenk anti-idiotypic
antiserum on solid phase metenk. The anti-metenk anti-idiotype antiserum was drawn after
immunization with anti-metenk IgG at dilferent time intervals as indicated on the abscissa.
Number in parenthesis indicates the number of rabbits.

At the same time, there were corresponding fluctuations of anti-metenk activities in the

serum, interlocking with anti-idiotypic activities, as demonstrated clearly in fig. 5 for
individual rabbits.

ue
£

S IIBITICH
E
o
—
o/
>
% IBWIBLTION
N
/.
»
-

LOZNM
0. 0. ug2ee

o

I

o,

6.2 Q °\ 02 b {
1/ N I NVAR

4 8 12 16 18 VEEK u 8 12 16 VEEX

FIGURE 5. The generation of anti-idiotypic antibodies following immunization with anti-
metenk IgG in Rabbit #2 (left) and #4 (right). (A) The inhibitory effect of anti-metenk anti-
idiotypic antiserum on the binding of anti-metenk antiserum and solid phase metenk. (B) The
binding of the antiserum to solid phase metenk.
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3. The effect of purification of anti-idiotypic activities on normal rabbit IgG- and
metenk- Sepharose 4B columns:

The anti-idiotypic activities were retained in effluents when the anti-idiotypic antiserum
was added in batches to normal IgG- or metenk- Sepharose 4B affinity gels. At the
same time the eluates or the filtrates, obtained after the gels were treated with 0.1 M
acetic acid (pH 2.4) and neutralized immediately by saturated Tris buffer, showed no
significant anti-idiotypic activities (fig. 6).
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CONCENTRATION OF AB;

FIGURE 6. The inhibition of purified anti-metenk anti-idiotypic antibody on the binding of
anti-metenk with solid phase metenk. @ @ serum, A A G, O (O effluent
from normal IgG-Sepharose 4B, A A effluent from metenk-Sepharose 4B.

DISCUSSION

Our results indicate that anti-idiotypic antibody could be generated against anti-
metenk antibody in rabbits immunized against anti-metenk IgG. Their appearance is
in line with the “immune network theory” proposed by Jerne (1974). The characteris-
tic peaks and troughs, in alternation with anti-metenk activities, were probably the
result of a self-regulatory mechanism within the immune system of the body. Analo-
gous findings have been reported in the literature with rabbits immunized against
anti-alprenolol IgG by Strosberg’s group (Couraud et al. 1983). Our results also indi-
cate a transient nature of the anti-idiotypic activity. No definite relation could be
found between its appearance in the serum and the protocol of immunization so that
optimal timing of its presence in the serum was only arbitrary. The amount of blood
that could be drawn from the animal was also limited. Further characterization of the
anti-idiotypic antiserum we obtained are now still underway, especially with regard to
its direct binding to opiate receptors. At the same time efforts are being made to
repeat the same procedure in BALB/c mice in an attempt to obtain an almost unlim-
ited supply of monoclonal anti-idiotypic antibody.
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DEVELOPMENT OF A BIOTIN-AVIDIN PROBE FOR DETECTING
OPIOID RECEPTORS

Gunther Hochhaus, Bradford W. Gibson and Wolfgang Sadée
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ABSTRACT

Biotinylated derivatives of Bh-—endorphin(BEEP) with C; spacer arm,
inserted between biotin and Bh‘—EP, were synthesized and isolated by
HPLC. Liquid secondary ion mass spectrometry (LSIMS) indicated the
presence of 1 to 4 biotin substituents per Bh-—EP molecule, and in
combination with the analysis of tryptic peptide fragments, specified
the location of the biotinylated lysine residue. Affinities to p
receptors decreased with increasing biotinylation number.
Association of the biotinylated ligands with avidin retained or even
enhanced ICsg values at the p site, thus, matching the relative
binding affinity of underivatized B,--EP with the monobiotinylated
derivatives. Hence, monobiotinylated Bh'—EP represents a versatile
opioid receptor probe.

INTRODUCTION

The avidin-biotin sandwich system represents a versatile tool in
biochemistry and molecular biology (Korpela 1984). Bifunctional
biotinylated receptor ligands have been employed for purification
(Finn et al. 1984) or histochemical detection of hormone and
neurotransmitter receptors with high resolution (Childs et al. 1983,
Atlas et al. 1978). Previously reported biotinylated leucine-
enkephalin derivatives failed to crosslink the opioid receptor and
avidin with sufficiently high affinity (Koman and Terenius 1980).
Here we report the synthesis of several biotinylated Bh-—EP analogs
with a C4 spacer arm and varying positon and number of
biotinylation. Among these, avidin-bound monobiotinylated
derivatives, modulated near the COOH terminal end were found to bind
to the p receptor with a similar affinity to that of underivatized
Bh- -EP and hence, represent a promising probe for the opioid receptor.

MATERIALS AND METHODS

Bh- -EP was kindly provided by Dr. Chao Hao Li (University of

California, San Francisco). The following compounds were obtained
from the indicated sources: dimethylsulfoxide (DMSO), bacitracin,
trifluorocacetic acid (TFA), bovine serum albumin (BSA), 2-(4'-

hydroxyazobenzene) -benzoic acid (HABA) from Sigma, egg white avidin
(binding capacity: 12.8 ng biotin/mg), biotinyl-g=aminocaproic acid-
N-hydroxysuccinimide ester (biotin-XNHS), D(+)-biotin from
Calbiochem, [3H]DAGO (50 Ci/mmol) from Amersham and diprenorphine-HC1
from NIDA.

Synthesis and identification

By, "EP (100 npg in 100 pl of 0.1 M NaHCO;, pH:8.3) was mixed with
300 pl of biotin-XNHS (20 npg in DMSO). After 30 min, the reaction
was stopped by addition of 100 pl 1M acetic acid. Separation of

mono- and bis-biotinylated products was performed by reversed phase
HPLC (p Bondpack Cl18 column, Waters) using a 40 min linear gradient
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(initial solvent:acetonitrile/0.1% TFA in H,0 (28/72, wv:v); final
solvent: acetonitrile/0.1% TFA in H,0 (34/66, v:v> with a flow rate
of 1 ml/min. UV detection was performed at 210 nM. Peaks were
collected and concentrated under a stream of nitrogen. Reaction
products were identified by LSIMS, as described by Gibson et al.
(1984), with or without prior tryptic digestion and subsequent HPLC
separation.

Binding studies

Ability of Dbiotinylated analogs to bind to avidin was tested
spectrometrically, by displacing HABA from avidin (Green, 1970).
Competitive receptor binding studies were performed in washed rat
brain membranes (brain without cerbellum, Sprague-Dawley, male, 120-
140 g) with [3H}DAGO tracer (1 nM) at 20°C, as described by Yu et al.
(1986) with the exception of the incubation buffer (50mM Tris-HC1,
0.1% BSA, 0.01% bacitracin, pH:7.4). Ligands were used after

rechromatography of isolated peaks, shown in figure 1. Binding in
the presence of avidin was tested with preformed ligand-avidin
complexes at a fixed avidin concentration of 0.5 pM. Bound and

unbound tracers were separated by filtration through Whatman GF/B
filters. Relative receptor affinities were calculated from ICsg
values according to Yu et al. (1986).

5h—EP

Bla
Bl

B2

i

10 30 50
Retention time/min

T

FIGURE 1. HPLC separation of monobiotinylated analogs.
For separation conditions see materials and methods (B1&,
B1B, Bly: monobiotinylated isomers; B2: mixture of bis-
biotinylated products).
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RESULTS AND DISCUSSION

We used Bh‘—EP as parent compound for developing bifunctional ligands,
since it binds to the opioid receptor with high affinity (Ho et al.

1983) and slow dissociation kinetics (Howard et al. 1985). Further,
B, -EP can be covalently crosslinked to the receptor sites (Howard et
al. 1985), which could serve to establish avidin-affinity
chromatography for receptor purification. Bh -EP can be readily

biotinylated via free amino groups of lysine that are mainly located
in the a helical part, near the COOH terminal end, where modulations
may have little affect on receptor binding (Taylor et al. 1983).
Biotin was introduced via a C4 spacer arm, since systemic studies
showed the necessity of a spacer of at least 8R length to fully
retain avidin binding to macromolecule biotin-conjugates (Green et
al. 1971). Reaction of Bh—EP with biotin-XNHS resulted in a mixture
of mono- to tetra-biotinylated analogs, that were separated by
reversed phase HPLC according to their biotinylation number (data not
shown). Mono-biotinylated derivatives were further resolved by two-
step chromatography into several isomers (figure 1). Identification
was performed by LSIMS, with or without prior tryptic digestion.
Biotinylation of a lysine eliminates a potential tryptic cleavage
site; thus, in place of two peptides generated from trypsin cleavage
of native Bh‘—EP only one new peptide containing biotin will be
generated. LSIMS of peptide fragments, after HPLC separation readily
specified number and position of the biotin residue (table 1).

TABLE 1. Relative ICgy values for p receptor binding of
biotinylated Bh—EP derivatives. Relative ICs, values are
calculated as described in materials and methods. ICsg
values of BhLEP for p sites were 1.6%xl0.7 (n=7) and were
identical in the presence of absence of avidin. Bl and B2
represent derivatives, separated according to the biotiny-
lation number (mixture of isomers).

Ligand Rel 1ICg Position of
biotinylation
without with
avidin avidin
Bh -EP 1 1
Bl 4 monobiotinylated
Bla 4.3(4.1-4.5) 1.1(0.7-1.4) Lys 28, 29 or 24
B1B 5.5(3.5-7.8) 3.0(2.0-4.0) Lys 9
B1Y 8.5(6.5-10.5) 2.9(1.7-4.2) Lys 19
B2 18 (16-19) 10 bisbiotinylated

Mono- and bis-biotinylated compounds displaced HABA from avidin in a
stoichiometric manner directly related to the biotinylation number,
which suggested that each biotin residue was accessible to avidin.
Affinities to p sites were determined in rat brain homogenate, using
underivatized Bh'—EP (figure 1) as internal standard (ICsp: 1.6 0.7
nM, n=7). There was a decrease of binding affinity as a function of
biotinylation number (table 1). Monobiotinylated derivatives
exhibited binding affinities approximately 5 times less than that of
the parent compound, with no significant effect of the biotin
position on the binding potency. The hydrophilic region between
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residues 6-12 is thought to be responsible for the potency of

Bh-—EP binding to the p sites (Taylor et al. 1982), however,
biotinylation at Lys 9 did not affect the binding potency relative to
biotinylation near the COOH terminal.

In order to test the ability of the bifunctional ligands to crosslink
receptor sites with avidin, binding studies were performed in the

presence of excess of avidin (0.5 uM). This insured the presence of
biotinylatedR, -EP-avidin complexes at a 1:1 ratio over the whole
spectrum of ligand concentrations. Neither tracer binding nor the

ICs, value of B, -EP were affected by this concentration of avidin.
ICsy, values of mono- and bis-biotinylated analogs shifted to higher
affinities by a factor of 2-4. A decrease of ICs, values in the
presence of avidin has not been previously reported for biotinylated
receptor ligands. However from these data alone, a higher receptor
affinity of the complex cannot be readily deduced. High nonspecific
binding to glass and plastic presents problems in receptor assays
with Bh'—EP. Assuming that nonspecific binding is reduced for avidin
associated ligand, a shift of the competition curve to lower ICsy
values will be the result, without any change in intrinsic receptor
affinity of the complex over that of the free ligand. Because of the
high affinity of the monobiotinylated Bh‘—endorphin Bla (with the
substituent near the COOH terminal), which is retained or even
enhanced after tight association with avidin, this derivative
represents the most promising probe of the opioid receptor.
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CONSIDERATIONS ON THE NATURE OF p,+w and o RECEPTORS

Alexander Gero

Department of Pharmacology, Hahnemann University School of
Medicine, Philadelphia, Pennsylvania 19102

ABSTRACT

It is assumed that opioid receptors are flexible, distorted by
agonists but not by antagonists. Combined with Martin’s model of
the receptors, this assumption permits reasonable interpreta-
tion of experimental facts.

This is a progress report on an attempt to reinterpret Martin’s
picture of opioid receptors (1983) in light of the hypothesis
that receptors are flexible, inactive in their native conforma-
tion but activated when drugs distort them (Gero 1973). Drugs at-
taching without distortion have no effect and thus function as
competitive antagonists and may furnish information on the native
receptor. Agonists tell about the nature of receptor distortion.

Space limitation precludes reporting all results so far obtained.
Only some of the more important findings and the principal items
of evidence will be presented.

Martin distinguishes two “nuclear” sites in opioid receptors, an
aromatic ring binding site A and an anionic site B, and six major
(plus several minor) “satellite” sites which either reinforce
drug binding to the nuclear sites or (keeping the drug away from
the nuclear sites) hinder it. The location of the binding sites
around the morphine molecule is shown in the following sketch:

This writer also postulated two nuclear sites (Gero 1978), as-
suming further that the two sites are so located that they can
bind a dyug molecule strainlessly if its cationic group is a-
bout 6%A from the center of the benzene ring. The cation-binding
nuclear site in py receptors is C, not B, and it binds not the N
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atom but the methyl goup attached to it which, for instance in mor-
phine, the quintessential p agonist, carries the bulk of the cationic
charge (Kaufman et al. 1974). In morphine and its derivatives, in-
cluding morphinans and benzomorphans, the N-methyl is only 4% R from
the center of the benzene ring, and the rigidity of the polycyclic
ring system permits no alteration of this distance. Binding can
therefore occur only by forcing the receptor to narrow the A-C dis-
tance, hence such drugs are generally p agonists. If, however,

allyl replaces the N-methyl, resonance shifts the cationic charge to
the terminal C atom of the allyl group. This C atom is 6% R from the
center of the benzene ring, hence nalorphine, levallorphan, etc. do
not distort the receptor and are p antagonists. A similar charge
shift occurs in N-cyclopropylmethyl and N-cyclobutylmethyl.

The first step in the attachment of the drug to the receptor is pro-
bably the attraction of the cationic head of the drug to the anionic
receptor site. Then the other sites come into play and add their
binding energy to the formation of the drug-receptor complex. It is
possible that not all other sites come close enough to the drug
molecule to contribute to binding. The final conformational adjust-
ment of the drug-receptor interaction will be that which provides
the greatest free-energy decrease and therefore the most stable -
i.e. strongest - attachment. In this the benzene ring of the drug
plays a special role: if in the aggregate more free energy is Tlost
by binding it to site A even at the cost of receptor distortion,
the drug will be an agonist, otherwise an antagonist. The signifi-
cance of the nuclear sites 1S that their distance from each other

in the drug-receptor complex determines whether or not a drug is an
agonist. It is also apparent that there must be a great variety of
possibilities for antagonistic binding: a drug needs to occupy only
part of the binding sites in the receptor - of which site A may or
may not be one - in order to function as an antagonist.

Among the satellite sites, site F seems to be particularly impor-
tant. We think that it is an electrophilic site with particular
affinity for a carbonyl oxygen at about 8 R from the N-methyl (or
7 %R from the N), therefore it favors the attachment of hydromor-
phone, naloxone, etc. In some cases sites C and £ may hold a drug
molecule quite strongly, and if no steric factors keep the drug
molecule from pivoting around the axis formed by these two sites
and away from site A, we have an antagonist. On the other hand, in
a drug like meperidine sites C and E can also bind the N-methy]l
and the carbonyl 0, but then site A-binds the benzene ring with its
center 4% R {from the N-methyl. Hence meperidine is an agonist. In
fentanyl this distance is 7%zﬂ,, so here sites A and C are forced
apart rather than together. That is still a distortion, and fent-
anyl is also an agonist.

Site G appears to be a pocket that can accomodate both the polar
14-0H of oxymorphone, naloxone, etc. and the nonpolar hydrocar-
bon group of etorphine and other oripavines at the same place.

The w receptor follows Martin’s model: the nuclear sites are A
and B, and C is a satellite site that can bind large alkyl -
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groups. The electrophilic site F is important also: the antagonists
naloxone, naltrexone and WIN 44:441-3 all have a carbonyl group 7% &
from the N atom. The case of WIN 44,441-3 is particularly instruc-
tive: it is a benzomorphan with the center of the benzene ring 4% R
from the N-methyl (and 4 R from the N) and should therefore be an
agonist, but since it has only a methyl group attached to the N,
binding to site C would be weak. On the other hand, just below the
N-methyl (when drawn like morphine in the illustration above) there
is a cyclopentyl ring which can bind strongly to site C. The mole-
cule can therefore attach its N to site B, then turn clockwise so
that the cyclopentyl group faces site C and the carbonyl 0 site E,
but then the benzene ring is too far from site A to attract it and
to deform the receptor.

Where the & receptor fits in remains to be seen.

As to & receptors, a number of benzomorphans, morphinans and mor-
phines have been listed as weak to moderate agonists or antago-
nists, but the really potent & agonists are phencyclidine and ket-
amine, which have very 1little resemblance to opioid agonists, and
really potent o@~antagonists are butyrophenones such as haloperi-
dol and spiperone, which have just as Tlittle obvious resemblance
to opioid antagonists. However, if we write the structure of bu-
tyrophenones as N-H... 0=C chelates (which is certainly proper) we
see a benzene ring and an alkylated N in similar mutual position
as in p antagonists. The o i1receptor therefore may contain sites
A, B and C, also site E attracted to the fluorine atom, the strong-
1y negative end of a dipole, and perhaps site E as well (see

next paragraph).

Among morphine derivatives nalorphine is an agonist, naloxone an
antagonist, morphine a weak antagonist. Thus here, too, the allyl
is just a large alkyl group attaching to site C after site B has
bound the N. In nalorphine this places the benzene ring close
enough to site A to bind it, necessarily with distortion. If nal-
orphine distorts the receptor but naloxone does not, we must con-
clude that, as with & receptors, the 6-carbonyl binds strongly to
site F and allows the molecule to pivot away from site A. Mor-
phine-has no 6-carbonyl and only methyl on the N which does not
bind site C strongly enough to bring the benzene ring within
binding distance of site A. Hence morphine is attached only to
site B and functions simply as a weak antagonist.

Phencyclidine and ketamine can attach strongly to sites A, B
and C, but only at the cost of very great distortion: here
the N is closer to the benzene ring and sites A and B are
forced together to fit an N-to-phenyl distance-of only 35;
in contrast to 4 & in g and & agonists.

It is an intriguing question why p, K, and & receptors have

so much in common that some of the same drugs can act on them.
This writer would answer that the basic features of these re-

ceptors - that is, sites A, B and L - must occur rather common-
1y in proteins, and when they are-present where appropriate
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drugs can cause protein distortion with physiological consequences,
we are dealing with a receptor. The individual characteristics that
differentiate the several receptors will most probably lie in the
satellite sites. It will be an interesting challenge to molecular
pharmacology to unravel both the similarities and the differences
between the classes of opioid receptors and to find what features
they correlate with.
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A NOVEL COMPREHENSIVE OPIATE-RECEPTOR MODEL
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ABSTRACT

A new, comprehensive opiate-receptor model based on calculations
of possible events at the molecular level is proposed. Agonist
versus antagonist action, ultra long-lasting activity and
N-dealkylation accompanying receptor binding are included.

MATERIALS AND METHODS

The syntheses and pharmacological characterization of the
ultra-long lasting compounds in this study are described by Kolb
et al. (1985) and Koman et al. (1986). Theoretical calculations
were carried out as described by Snyder et al. (1985, 1986).

RESULTS AND DISCUSSION

Recently we proposed a mu-opiate receptor model (Snyder et al.
1985) predicated on the concept that analgesia is the end-result
of proton transfer from nitrogen of piperidine ring-containing
opiates to the receptor (Dimaio et al. 1979). In this
communication we extend the outlines of the model to include the
phenomenon of long-lasting antagonist activity and
N-demethylation attending receptor action.

According to the present model the agonists bear equatorial N-CHj;
and axial N-H functions, while the receptor features two negative
centers anchoring the positively charged ammonium head group by
means of intermolecular electrostatic bridges. Coulombic
attraction is dominated by the role of polar C-H bonds on the
rigid opiate (Sites 1 and 2, Fig. 1).

H OH
!
N

FIGURE 1. Antagonist and agonist cations bind to the
receptor through polar bonds. The antag-
onist N-R group hinders proton transfer; the
agonist N-H is readily deprotonated.
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Biological action is initiated by transfer of the N-H proton from
the drug to the receptor. In response to the proton shift, the
receptor protein undergoes a conformational interconversion
inducing the amplification required for the ultimate effect.
Simultaneously, the agonist salt is converted to a neutral free
base. Positive charge at the N-head group is eliminated,
electrostatic binding is seriously weakened and the agonist 1is
released from the receptor binding pocket.

The positive, protonated head group of an antagonist, typically
carrying a somewhat bulky N-allyl or N-cyclopropylmethyl
substituent, binds in a similar fashion. However, by virtue of
the binding at Site 1 (fig. 1), the equatorial N-alkyl assumes a
rotational state which hinders proton transfer and displaces site
2 (Snyder et al. 1985). Head group charge 1is retained, receptor
conformation is conserved and the antagonists remain bound longer
than the agonists. The latter is supported by the experimentally
observed slower off-rates for antagonists (Kurowski et al.

1982). The former is substantiated by pharmacological evidence
that the mu-opiate receptor exists in two distinct molecular
forms assigned as agonist and antagonist (Snyder 1975).

Recently, we have discovered a series of novel ultra-long lasting
opiate antagonists (Kolb et al. 1985; Koman et al. 1986).
These compounds combine two chemically discrete and spatially
demanding molecular fragments. The one is an opiate antagonist,
e.g. naloxone. The second is a bulky moiety such as a
fluorescein or a steroid bound to the C-6 position of the rigid
antagonist via a thiosemicarbazone or an azine spacer,
respectively. The azino-compounds are prolonged blockers in the
brain opiate-receptor preparation, but not in the guinea pig
ileum. By contrast, the thiosemicarbazones are long lasting in
both preparations. Displacement studies with [3H] DHM indicate
that all compounds in question access the same overall receptor
binding site.

Selected conformations of examples in the mono-axine,
double-azine and thiosemicarbazone classes were geometrically
relaxed by molecular mechanics. The naloxone moieties of each
were subsequently superimposed by a least squares fit.
Examination of the extended non-opiate fragments by computer
graphics portrays a qualitative structural differentiation among
the classes. In particular, the preliminary analysis suggests
distinct subsidiary binding sites for the various bulky groups.

Superposition of the double azines, e.g. the hybrid azine between
naloxone and androstene dione (NAL-AD-NAL), and the
naloxone-estrone mono-azine (NAL-E) intimates the presence of two
common binding sites. One 1is a hydrophobic patch which can
accept the nonpolar steroidal moieties. The other is a
hydrogen-bond-accepting site which can access the -OH group of
the phenol ring in either the estrone unit of NAL-E or the second
naloxone component of NAL-AD-NAL (fig. 2). In this scheme the
two classes -- mono and double azines -- are able to stimulate
similar receptor responses.
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FIGURE 2. NAL-E (dark) and NAL-AD-NAL superimposed
at the naloxone fragment. The circled
OH’s may access a common receptor site.

The thiosemicarbazones, e.g. 6-fluoresceinyl- and 6-rhodaminyl
naloxone thiosemicarbazones (NAL-F and NAL-R respectively), are
characterized by a bulky 2,5-dibensopyran end group. The latter
is calculated to be nearly perpendicular to the rest of the
planar C-6 attachment (fig. 3).

FIGURE 3. NAL-E and NAL-F superimposed at the naloxone
fragment. The dibenxopyran group (light) is
perpendicular to the average molecular
plane.

No meaningful superposition was possible between the end groups
of the hybrid opiate-steroid mono-axines and the opiate-
fluorescein thiosemicarbazones because of profound structural
differences. The thiosemicarbaxone spacer is highly polar and
thus would appear incompatible with the above described
hydrophobic patch, although it occupies the same molecular space
(fig. 4). Furthermore, the planar dibenzopyran moieties are
complemented by highly polar substituents that conceivably
associate with a polar peptide region of the receptor or possibly
the 1lipid head-groups of an adjacent membrane. In conclusion,
the thiosemicarbazones are proposed to achieve their long-lasting
effects by binding to either of the latter polar regions. This
suggests in addition that both the brain preparation and the gpi
contain similar environments for accommodating the fluorescein
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derivatives in the antagonist receptor conformation. The action
of long-lasting agonists (Koman et al., 1986) can likewise be
incorporated in this scheme as will be discussed in a forthcoming

paper.

H-0

FIGURE 4. NAL-F (dark) and NAL-E superimposed at the
naloxone fragment. The polar thiosemi-
carbazone of the former spatially matches the
nonpolar steroid of the latter.

Finally, transformation of the receptor protein to the agonist
conformation may activate N-dealkylases which convert a fraction
of the freed agonists to their nor-congeners. Evidence that this
reaction is initiated by oxidative electron transfer from
nitrogen has been summarized by Kolb (Kolb 1984). The process
was previously thought to be the genesis of the analgesic
response, though calculations on the energetics of N#+ radical
cation formation render this speculation unlikely (Snyder et al.
1986) . Presently, we consider oxidative N-dealkylation to be a
secondary event possibly associated with side effects such as
euphoria and addiction.
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ABSTRACT

We have discovered novel delta selective opiate
antagonists of a non-peptide nature. Our lead compound
at the present time is the mixed azine between estrone
and naloxone, the compound named EH-NAL. In this paper
we describe the stereochemistry of EH-NAL and an EH-NAL
analog, the mixed azine between pregnenolone and
naltrexone, the compound named PH-NX. The stereochemical
assignments are based on the high-resolution C-NMR
studies and on the X-ray structural determinations.

INTRODUCTION

Koman (1985) and Koman et al. (1986) studied the
interaction of the mixed azines between steroids and
naloxone with various opioid receptor types in vitro. We
summarize here their findings for the EH-NAL, the mixed
azine between estrone and naloxone. The potency of EH-
NAL as an antagonist of opioid effects on the
electrically evoked contractions of the mouse vas

deferens (M.v.d.) and guinea-pig ileum myenteric plexus-
longitudinal muscle (G.p.1) preparations was compared to
that of naloxone. EH-NAL was 9-fold more potent than

naloxone 1in antagonizing the effects of D-Ala -Leu -
enkephalin in the M.v.d., and 22-fold less potent in

antagonizing normorphine in the G.p.1i. The two compounds
were also compaged for their capacity to dlsplqge the
binding of ["H] -dihydromorphine, [ H] -D-Ala"-Leu -
enkephalin and ["H]-ethylketocyclazocine to rat brain
membranes. The relative affinities for delta-, mu- and
kappa-sites were 0.70, 0.16, 0.14 for EH-NAL and 0.05,
0.87, 0.08 for naloxone, respectively. Thus, in contrast

to naloxone which is mu selective, EH-NAL is a delta-
selective antagonist.

In order to explain the unexpected delta selectivity of
EH-NAL, we undertook a detailed stereochemical analysis

of this molecule. Also, we designed another probe for
delta receptor, the mixed azine between pregnenolone and
naltrexone, the compound named PH-NX. In PH-NX the

steroidal unit is separated from the opiate unit by an
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extra carbon as compared to EH-NAL. PH-NX has an OH
group at the same steroidal carbon as EH-NAL (C-3 of the
ring A), but lacks the aromatic pi cloud of the phenol
ring of EH-NAL (Fig. 1). A comparison of the delta
selectivities of EH-NAL and PH-NX thus may help elucidate
the biological roles of the phenolic pi cloud and the
absolute length of the steroidal unit in imparting the
delta selectivity.

MATERIALS AND METHODS

The '’C-NMR spectra were taken on a 400 MHz IBM-Bruker
WM-400 instrument. The X-ray measurements were performed
on a Nonius CAD4- and a Syntex P; diffractometers.

The mixed azines between estrone and naloxone (EH-NAL)
and pregnenolone and naltrexone (PH-NX) were prepared by
reacting the free base of the opioid ketone naloxone or
naltrexone with the steroidal hydrazone estrone hydrazone
(EH) or pregnenolone hydrazone (PH), respectively. The
experimental procedure of Kolb and Hua (1984) was
followed. EH was prepared as described by Dandliker et
al. (1978) . PH was synthe51ze% by the same method.

Stereochemical determinations by C-NMR described below
were done in a manner analogous to that described by Kolb
and Gober (1983) and Kolb and Hua (1984).

RESULTS AND DISCUSSION

Stereochemistry of EH, a precursor of EH-NAL: Based on
the C-NMR, EH was a single hydrazone; only one C-17
(hydrazone carbon) was observed (at 157.76 ppm), and only
one azine with acetone-d, was found (C-17 of the azine at
173.56 ppm) (solvent CHCl;: acetone-d,). C-1 124.98; C-
2 111.66; C-3 153.73; C-4 114.01; C-5 136.32; C-6
29.08: C-7 25.79: C-8 37.25: C-9 42.98: C-10 129.84;
C-11 26.01; C-12 33.03; C-13 43.31; C-14 51.20; C-15
25.14; C-16 21.72; C-17 157.76 (the hydrazone carbon);
C-18 15.41. The stereochemistry of the hydrazone was
assigned to be anti since the syn isomer is sterically
very crowded. Namely, the distance between the syn NH,
and 128H is only 1.2 A (based on Dreiding models) .

Stereochemistry of PH, a precursor of PH-NX: In the “C-
NMR only one peak per carbon was observed, indicating the
presence of only one 1isomer. The inspection of the
Dreiding model of PH suggests the anti isomer as a more
favorable one, since the syn isomer 1is sterically crowded
due to a clashing between the NH, group of the hydrazone
and the angular C-18 methyl group and also the 168H and

128H. The X-ray structural determination conflrms the
anti orientation in PH. Some characteristic ~C-NMR
shifts (dmso-d¢): C-1 38.43; C-3 70.06; C-4 42.22; C-
5 141.31; C-6 120.42; C-9 49.83: C-10 36.16: C-11
22.73; C-13 43.13; C-14 55.75; C-16 36.99; C-17
58.35; C-18 13.04; C-19 19.20; C-20 147.28 (the
hydrazone carbon) : C-21 15.81.

Stereochemistry of EH-NAL: Based on the 13C—NMR, EH was
a single azine; only one peak per carbon was observed.
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The stereochemistry of the azine bond was assigned to be
anti on the steroidal C-17, because of the anti
orientation of EH, and anti on the opiate C-6 due to the
preference for the formation of the anti azine]jof
naloxone (Kolb and Hua 1984). Some characteristic °C-
NMR shifts for the opiate and steroidal units of EH-NAL
are given (in CDCl;): The opiate unit: C-1 119.76; C-2
118.01: C-3 139.59; C-4 143.70; C-5 87.80; C-6 162.30
(the azine carbon); C-9 63.38: C-11 124.01; C-12
129.61; C-13 49.96: C-14 70.31; C-16 44.75: cC-17
57.64: C-18 137.70; C-19 118.34. The steroidal unit:
c-1 126.29; C-2 113.83; C-3 153.52; C-4 115.90; C-5
135.20; C-8 37.95: C-9 43.68: C-10 131.51; C-13
44.25: C-14 52.12; C-17 175.79 (the azine carbon): C-
18 16.60.

Stereochemistry of PH-NX: The crude PH-NX was subjected
to a C-NMR analysis, which revealed the presence of two

azine isomers: steroid C-20 anti-opiate C-6 anti (major)
and steroid C-20 anti-opiate C-6 syn (minor). The
recrystallization of the crude PH-NX f;gm EtOH-CHC1,
provided a single azine isomer (by C-NMR) . The

structure of the latter isomer was determined by X-ray
and found to be anti (steroid)-anti (opiate) gauche azine

(Fig. 2). The C=N-N=C torsion angle was -123°,
indicating gauche geometry of the azine bond. Some
characteristic 1°C-NMR shifts (in dmso-ds) of the latter
anti-anti azine: The opiate unit: C-1 118.57; C-2
117.00; C-3 139.12; C-4 143.68; C-5 87.56: C-6 159.12
(the azine carbon): C-9 61.47; C-11 123.85; C-12

130.63; C-13 47.89; C-14 69.51; C-16 43.36; C-18
9.17; C-19 3.70; C-20 3.47 (the latter two shifts could
be interchanged). The steroidal unit: C-1 38.23: C-3
69.96: C-4 42.16; C-5 141.25; C-6 120.27: C-9 49.63;
C-14 55.85: C-18 13.16; C-19 19.09; C-20 157.24 (the
azine carbon): Cc-21 18.51. Some characteristic C-NMR
shifts for the opiate unit of the minor isomer: C-6
160.17 (the azine carbon): C-1 118.93; C-2 117.18; C-5
89.34: (C-14 69.67: C-9 61.39. The steroidal azine
carbon: C-20 156.92.

Both EH-NAL and PH-NX are configurationally much more
rigid than typical delta substrates which are peptides.
Namely, both EH-NAL and PH-NX have as a major point of
flexibility in the molecule just one bond -- the N-N bond
of the azine linkage. Thus, these azines may be useful
as semi-rigid probes for mapping the delta receptor. EH-
NAL contains an aromatic ring (steroidal A ring) which
can be overlapped with Ph -residue of enkephalins (Koman

1985; Koman et al. 1986; Pilipauskas et al. 1986). PH-
NX was found to be an active opiate antagonist (more
active than EH-NAL) on G.p.1i. (Koman private
communication). The biological tests for the delta
selectivity of PH-NX are underway.

47



HO

FIGURE 1. Structures of EH-NAL and PH-NX.

FIGURE 2. The X-ray structure of PH-NX.
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